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Report No. A. . E.E,/arn/Res/35

AERCPLANE AND ARGQENT EXPRERIMENTAL ESTARLISEENT 2 4 MAR 1952
BOSCOIBE DOV

Report on the design, manufocture and testing
of the 4,A.BE.E. recorder type 100

By

R.d: Bickford, GRAD, I, B.E,

L& AELE, Ref: AGER/5923/8

Sumnary

This report gives the requirements and describes the design of the
& w,B.E, Type 100 recorder which uses 35 m.m, Teledeltos paper as the
recording medium, The recorder was specially designed for determination of

rates of fire of multi-gun installations for use in fighter aircraft, where
little spoce is available for instrumentation,

Brief refercnce is made to a larger 24 chonnel version to record delay
of bomb rclease units in bomber aircraft,
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74 Introduction

1¢1 The Lt Aelels Recorder Type 100 was primarily designed to satisfy
a requircient for the dcteriination of rates of fire of rulti-gun installations
of fighter aireraft in flight. .As far as is known the only other instrunent
specifically designed for this task is the Cambridge Instrunients Chronograph
which records thc rates of firce of threec guns togethoer with a tinec basce.
(Reference RiE Tech Note irm 383)., This instrument has certain limitations in
size and duration of record, number of channcls and in spooling of recording
cclluloid. An indication of the accuracy which may be expected from the single
channel Cambridge Instruments Blast recorder is given in Table 1 (Appcndix 1$.

1.2 The requircments of the Type 100 reccorder arc that:-

(a) It should be capable of installation in the latest new fizhter
eircraft, where the space available for recorders is extrenely
snall,

(b) The record should be available for inmediate inspection,

(c) The unit should be able to record the rates of fire of both
20 .. and 30 n.me guns as accurately as possible considering
(a) above.

1.3 ifter consideration had becn given to the various ncthods for
rccording cvents, it was decided to design the recorder along the following
lincs:=

(2) The recording ncdia to be tecledeltos paper which provides an
immediate permancnt record,

(b) The unit should be as small as practical and draw both H.T.
and L.T. froa the noriwl airceraft supplics.

(é) It should record cvents fram contacts or switches on 4 channcls
up to & rate of 1400 per minute per channel,

(d) Timing marks should be applied to both edges of the paper by a
vibrating rced with a stability of better than 1 if tciperature
changzes are kept to a nininun,

2 Deseription and installation

2.1 Tecledcltos paper has a grey chemical deposit containing lcad
thiosulphate on the wper surface and a netallic deposit on the underside,
If sufficicent voltage is applicd across the twoe surfaccs of the paper the
upper surfacce will change colour to black irmeciately under the marking pen
and if the paper is nioving a fine line will be drawn on it,

22 The main unit is approximately 9" x 5" x 43" and is mounted on an
anti-vibration tray in an acccssible position in the aircraft, preferably
insilc the pressurc cabin, ., small control box, nounted within sight and rcach
of the pilot, containing two switches operates the recorder. Both the units arc
connceted cach by a single cable to5 a terminal block or junction box. Normal
aireraft supplics, i.c. 24 volts D.C. and 115 volts 400 ¢/s from the inverters,
arc also connceted to the junction boxe. The recorder can be ouperated corpletcely
autoatically from the sun safety switch and the firing button if this method
is preferyped,

3 Circuit scquence

3.1 Then the 1aster switeh is placed in the "on" position the naster
switch warning lizht is illuninated and rclay R2 (Fig.}) closed to put 115 volts
400 ¢/s on to the primnry winding of the main transformer, and D.C. on to the
heater of the 2D21, (CV 797) timing thyratron (Fig.3).

£ S Be cvmenn




-

3.2 The armaturc of the starter coil, deflccts the timing rced so that
when the starter coil is energised, also by the master switch, the recd, now
rclcased, commences to vibrate and is mainteined by the reed coil supplicd in
perallecl with the storter coil, The rced contact controls the thyratron and an
anodc pulsc transformer provides the volts for the time marker penss

3.3 Pressing the record switch cncrgises relay R4 which starts the
rccording motor, and completcs the centre tap line of the H.T. transformer to
L.T. positive. The four gun relays R 3, L4, 5 and 6 arc supplicd in scries with
L gun switches fed from the positive side of the motor. As each round is
fircd the gun switch is actuated and 'mokes'! the gun rclay contacts, and a
positive from the cathodc of the 5Z4 rcctificr is put on to the pen and rcturned
through the paper to the marking tray, which is at earth potentisl, thus
producing the rccord, L.T. positive is stropped to carth by a 500 ohm rcsistor,
This arrangement obviates the neccssity of isoleting thc marking troy from
carth., 1In the casc of the 30 m.m. Aden gun it is movement of the barrcl group
rclative to main cradle and for the 20m.m., Hispano gun it is the rclative
movement of the magazine carrier and the gun body that actuates the gun switch
pick up unit, This can be either a micro-switch or a speccially designed contact
switch,

3.4 The reed mntacts short the grid of the thyratron to earth, the
resultant anode pulsc is stepped up 3 : 1 and parallecled on to the two timing
pens.

3.5 It should be noted that the master switch controls both H.T. and L.T.
supplics and if the rccord switch is inadvertcently sclccted with the master
switch off recording paper will not be wasted. A period of two minutes shouid
clapsc after the master switch is operated before the rccord is made to allow
the reed to stabilise and the valve heaters attain normel working tcmperaturc,

3.6 It is clso advisable to operate thc record switch two or three
scconds before firing and to switch off two or threce scconds after the end of
gach burst; this is to divide the rccord clearly into bursts of firc,

L. Rccording paper and speed

Le1 The Type 100 recorder is designed for usc with rolls of tcledeltos
paper 35 m.m, wide, outside diometer 2%" containing approximately 80 fcet of
paper. The paper is run through a differcntinlly tcnsioncd system of rollers
which cnsures constant spced and obviates any tendency to misalignment. The
paper speed is approximately 10 inches per sccond and the driving motor of the
1st prototype is an American typec token from 2 G.S.A.P. camera running at
10,000 r.p.m. The production recorder, will however, be fitted with a small
British motor which will entail somc modifications in the gear train, The
tokc=up spool is rotated by a spring drive and can be removed from the
rccorder in a few scconds.

5% Tests

5.1 The first prototype model contains no provision for maintaining the
rced at a constant temperaturc., However it was decided to test the unit to
determine the frequency variotions with temperature and altitude in the
stratosphere chamber, before considering the fitting of thermostatically
controlled heaters.

These results arc shown in Table 2 (appendix 1).

5.2 The air testing of this unit was carried out on & Vampire Night
Fighter (Mk.10) ond after some initicl difficulties with pen pressures, the
rate of fire of the 4 x 20 m.m, Hispano guns with 100 rounds per gun was
successfully rccorded., A part of this record is rcproduced in Fig, 10, For
airborne work it is most important to use an anti=-vibration tray (Fig. 9),
otherwise the vibration induced by the gun~firing may cousc fluctuations in the
frequency of the rced.
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5.3 As part of the testing for reliobility, the Type 100 recorder hos
been uscd as the standarad ncthod of determining rotes of fire of new guns on
ground stands at this Establishment anad scrv1ccab111ty up to the present time
hos been 100% for a total of approxinatcly twenty rccords,

6. Calibration and computation

6.1 For the determination of cccurate rates of fire it is adviscble to
calibrate the instrument immediately before or after use, on a test rig, This
rig is ecxactly similar to on aircraft installation, but the gun switch inputs
arc parallcled ond fed from o Tinsley 50 cyclcs/scc. timing fork. This
frequency is well within the copebilitics of the gun-firing rclays uscd in
the rccorder (STC type 4181 CM),

6.2 The calibretion rccord will indicatc the correct sctting of the
rclay contcets if the four traces commience and terminate at the same instant,
It is possible to adjust variations in operating times of these rclays to 2 or
3 millisces,

67 The calibration of the recd, obtaincd from the test rig records is
preparcd in the nonner shown in appendix 2,

e Recormmendations

7.1 The following modifications will be incorporated in the production
version of this rpcordcr. Thesc are:-

1. British type motor to roploce Americen item.’

2. Reduction in size of H.T. transformer and further
sccondary winding for the heater of the 2D21.

3, Inclusion of ~ mininturc  sccond clock recording on one
cdge of the telcdcltos poper, the rced continuing to record
on the othcr. This change rninkes it possible to check the
frequency of the reed throughout the actunl recording.

4. Ball raccs in prefercnce to plain bearings on gear shefts.

5. Substitution of fibre geors for meteal gears,

B Recorder for bombing tricls

8,1 & lorger version of the 4.4.,E.E. Type 100 rccorder to be known as the
A,A,B.B. Type 102 rcecorder has just becen developed and the first prototype is
ncaring complction, This unit rccords cvents from 24 channels on 5 inches vwide
telcéeltos paper. Completc power rcquirements ~re obtained from the alrcraft
28 volts D.C. input. The complete unit cxcept for the control box irasurcs

l X 7 x 5 inches Its designed use is for iwmlti-channcl rccording on

bomblnv trizls for ncasurcmcnt of bomb reclease unit dclay times,

Circulation List

D, Arm.R.D, (Air) L4 copies

D.Inst.R.D. 1 copy

A M, D.D,Arm. Eng. through B Arm R.D. (Air) 1 copy
A M, Arm,3 J 1 copy
R.A,E, Arm, 1 covny
B.AE. L.kE 1 copy
R.A.E, Instruments 1copy
R.A.E, Structures 1 copy
C.E, A.D, Enfield 2 copies
T.P. A 3/T.I.B.1¢c 75 copies

Z
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appendix 1

Tablc 1

Comparison of Ratcs of Mire Recorders

Rof ¥ x Variation fron
! Rounds/Min, | miniaturc recorder
Canbridge Blast Recorder (clockwork) 651 2,20% Fast
Carmbridge Blast Recorder (electric) 667 Lo 717 Fast
| ¥, & 4. E, B, /Hughcs Miniaturc Recorder 637 -

Notc

The A.& A.E.E./Hughes 4 chonnel Miniocturce graphical recorder was
developed by this cstablishment for kinematic recording.
firc on the ground stand irec rcquired it is uscd in conjunction with a
Tinslcy 50 cycle/scec. tuning fork, which has an zccuracy of.1 part in

Table 2

Variation of Recd Fregucncy with Tempcraturc ond Pressure

10,000,
'

Terp. Prcssurc fy

~4°C Sca Bial

+5 lcvel Dleto
14 3745
e 37.2
32 37.8
41 s
50 38.8
59 38,0
68 ’ 38.1

"Meseribed in Report No. 4rm./Res./34.

When rates of

Height

foot Teitp. £

0 19°c | 38.7

5,000 35
10,000 38.4 |
15,000 38.8
20,000 38,
25,000 38.9
30,000 38.5
35,000 38.5
40,000 385
45,000 3 38.6
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Appendix 2

Select 10 to 20 inches of the record avoiding the beginning of the
record, where the motor has not reachecd full spced.

Let the number of dashes (for tuning fork) be Ny

Let the number of dots (from reed) be No

Let thc length of reeord containing Np dashes be L, cms.
Let the length of rccord contalnlnv No dots be Lo cms.

N
Then time of tuning fork reeord = 3% seconds
: Ls x 50
and the average velocity of paper = —£X2Y cms/see,
A
c Lo x N
Therefore the timc to record No dots = ———== sees,
L; % 50
No L,
and frequency of vibrating rced, fy, = N, Lo & 50

The instrument is then rcmoved from thc test rig ready for installation
in the aircraft,

To dctermine ratcs of fire select & portion of the airborne record as
before, remembering to avoid the stort of the burst.

Procceding as cbove the ratc of firc is:
N! '
60 N_rf)_‘ %'—é x fy rounds per minute.

Where N',  is the number of dashes in L!A cms. (gun rccord)

-

ond N'o is thc number of dots in L'o cms (timing record)

If however it is only required to determine apprcx1nute rates of fire,
count thc number of dashes oceurring in one sccond (i.c. o length of record
containing fy dots) and this valuc multiplied by 60 will give cn opproximate
reseleh fire. Under thecse eonditions 1t will not be nccessary to calibrate
the recorder more than oncec in 8 or 10 flights,

For straightforward comparisons, where only relative rates are required
between say different gns plugs or types of ammunition, the above cclibration
will be unneccssary and the rates noy be expresscd as & percentage of the rate
of the control gun.

CC.. iDENTIAL
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KEY TO FIGURE 1

Marking Pens

12 pin Plessey llark 4 plug

Marking tray

Differenticlly tensioned roller
Spring drive to take-up spool
Toke-up spool

Recording paper (35 m.m. Teledeltos)
Motor driving rollers by gear train
Prive roller

Feed spool (with detachable side)
Transformer (400 cycles/sec. step up 3
Mointaining coil

Vibrating recd

Marking pens (in raised position)
Rectifier 5Z4

Gun switch relays

Thyratron anodc pulse transforirer
Linmiting resistors for marking pens
Reservoir condenser for H.T. smoothing
Thyratron 2D21

Record switch relay

Starter coil

Master switch relay

Take-up spool

CONFIDENTIAL
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